h i g h l i g h t s
Startle-evoked movements remain intact following stroke, but there are deficits specific to extension movements that increase with impairment level. These extension-related deficits appear to originate from a hypermetric classic startle reflex likely resulting from damage to cortical pathways. These results may have important implications for our understanding of deficits in stroke survivor's response to unexpected environmental disturbances.
a b s t r a c t
Objective: The startle reflex elicits involuntary release of planned movements (startReact). Following stroke, startReact flexion movements are intact but startReact extension movements are impaired by task-inappropriate flexor activity impeding arm extension. Our objective was to quantify deficits in startReact elbow extension movements, particularly how these deficits are influenced by impairment. Methods: Data were collected in 8 stroke survivors performing elbow extension following two nonstartling acoustic stimuli representing ''get ready'' and ''go'', respectively. Randomly, the ''go'' was replaced with a startling acoustic stimulus. We hypothesized that task-inappropriate flexor activity originates from unsuppressed classic startle reflex. We expected that increasing damage to the cortex (increasing impairment) would relate to increasing task-inappropriate flexor activity causing poor elbow extension movement and target acquisition. Results: Task-inappropriate flexor activity increased with impairment resulting in larger flexion deflections away from the subjects' intended target corresponding to decreased target acquisition. Conclusions: We conclude that the task-inappropriate flexor activity likely results from cortical or corticospinal damage leading to an unsuppressed or hypermetric classic startle reflex that interrupts startReact elbow extension. Significance: Given startReact's functional role in compensation during environmental disturbances, our results may have important implications for our understanding deficits in stroke survivor's response to unexpected environmental disturbances. Ó 2013 International Federation of Clinical Neurophysiology. Published by Elsevier Ireland Ltd. All rights reserved.
Introduction
A unique property of the startle reflex is its ability to involuntary elicit pre-planned movements throughout the entire arm (Carlsen et al., 2004b (Carlsen et al., , 2011 Honeycutt et al., 2013; Rothwell et al., 2002; Valls-Solé et al., 2008 , 1999 . When a startling acoustic stimulus is presented in the absence of a movement plan, the classic startle reflex triggers brief co-contraction of muscles resulting in the individual assuming a protective stance -arm flexion in the upper limb. However, when a subject is in a state of movement preparation, a startling acoustic stimulus involuntarily elicits the prepared movement (Carlsen et al., 2004b; Rothwell et al., 2002; Valls-Solé et al., 1999; Valls-Solé, 1995) . This phenomenon has been called startReact (Valls-Solé et al., 1999 
